Background: Any intervention to reduce the inappropriate use of antibiotics for infections in children has the potential to reduce the selective pressure on antimicrobial resistance and minimise the medicalisation of self-limiting illness. Little is known about whether homeopathic products might be used by some families as an alternative to antibiotics or the characteristics of such families. We used the Avon Longitudinal Study of Parents and Children (ALSPAC) observational dataset to explore the hypothesis that the use of homeopathic products is associated with reduced antibiotic use in pre-school children and to identify characteristics of the families of pre-school children given homeopathic products.
Background
Medicine, antibiotic and health service use amongst preschool children The use of medicines in children has now risen to the top of the political and research agendas [1, 2] . Regarding antibiotics in particular, pre-school children consume more than any other age group [3] . In 1996, a study found that up to 57% and 54% of pre school boys and girls respectively had received an antibiotic [4] and studies since have shown that UK prescribing is still up to 30% higher than our Northern European counterparts [5] .
Inappropriate or unnecessary use of antibiotics for viral infections in children causes concern for policy makers, commissioners, clinicians, complementary therapists and parents [6] [7] [8] for two reasons. First, because it may promote the transmission of both antibiotic susceptible and resistant bacteria and infections in the community [9, 10] . And second, because it incorrectly reinforces the need for parents to consult for similar illnesses in the future, a process known as illness "medicalisation" [11] . Furthermore, children under five are amongst the greatest users of NHS services [12] , principally for respiratory tract infections [13] . While important, strategies to maximize the appropriate use of NHS services also need to ensure that if alternative complementary therapies such as homeopathy are available and used by parents, that serious conditions of childhood are not missed. Thus infectious disease in pre-school children and the use of antibiotics have important public health and resource implications.
Complementary and alternative use
The growing literature on complementary and alternative medicine (CAM) puts estimates of adult use between 10-50% depending on the definition of CAM applied [14] [15] [16] . CAM users are more likely to be better-educated women aged between 30-55, who are economically secure and less satisfied with conventional medicine [15, 17] . Far less is known about children's use of CAM [18] . Estimates of use in hospital population ranges from 1.8%-51% [19] [20] [21] [22] , with two studies finding that children in hospital use CAM as an adjunct to, rather than a replacement of, conventional medicine [20, 22] . A community based study in England of 1230 children found that 17.9% of children had used some form of CAM, mostly for ear, nose and throat or dermatological conditions and nearly half of these children had one or both parents who also used CAM [23] .
In looking at children's use of homeopathy, a range of types of use exists from self-prescribed over the counter products to practitioner prescribed by a professional or medically trained homeopath. A combined Welsh/Australian hospital survey found that 8% of the Cardiff children and 10.5% of the Melbourne population used homeopathic products, but the source of prescription was unclear [21] . Within a primary care population, a study of medical homeopaths from the Bristol Homeopathic Hospital found that almost 20% of their patients over a six year period were under the age of 16 [24] . A Scottish study found that 49% of practices in Scotland prescribed homeopathy in 2003-2004 with the highest prevalence amongst children under 1 year of age (9.5/1000) [25] . Another Scottish study found GPs prescribed homeopathy most commonly for colic, cuts and bruises, teething, dermatological conditions, earache, influenza and upper respiratory tract infections [26] .
Some qualitative studies suggest that parents may be using homeopathy instead of conventional medicine for their children. An ethnographic study of committed adult users in South London found that they consulted their GP for diagnosis but took homeopathic products for treatment because antibiotics and other drugs were seen as weakening the immune system and counteracting the remedy [27] . Many of these participants were mothers who made health decisions for their children using this same set of beliefs. A recent qualitative study in Norway also found the same [28] .
Study aims
Given the need to promote the judicious use of antibiotics and the lack of knowledge about children's homeopathic product consumption, the aims of this study were to use observational data to investigate if homeopathic product users consumed fewer antibiotics and to describe the characteristics of pre-school children given homeopathic products.
Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC) is an ongoing prospective, population-based study, which recruited pregnant women resident in the former Avon Health Authority area, who had an estimated delivery date between 1st April 1991 and 31st December 1992. The majority of the known births from the geographically defined catchment area were included, resulting in a total cohort of 13971 children surviving to one year of age. This study population has social and demographic characteristics in common with national census surveys. More detailed information can be found on the ALSPAC website [29] .
The main source of data collection in ALSPAC is through questionnaires completed by primary carers at various time points during pregnancy and throughout their child's life. Data on the use of antibiotic and homeopathic products by children and their parents have been collected since its inception. Ethical approval for the study was obtained from the ALSPAC law and ethics committee and the three local research ethics committees.
Mothers recorded their own use of homeopathic products in an antenatal questionnaire at 18 weeks. At 4.5 years (54 months), primary carers completed a questionnaire that asked about the child's use of various medications during the preceding 18 months. They recorded their child's use of antibiotics and homeopathic products as well as cough medicines, eye and ear drops and skin creams. They were asked to indicate whether they had been used just for 'one episode' or for 'two or more episodes' (tick box) and where possible to record the names of the products used (text box). Both tick and text box data were used to determine antibiotic and homeopathic product use. Antibiotic and homeopathic users were defined as those who ticked 'yes' to antibiotic or homeopathic product use respectively and/or provided relevant text data in other parts of the questionnaire.
All responses were checked for accurate completion of the antibiotic fields using coding procedures reported elsewhere [30] . For the homeopathic data, two homeopaths and a herbalist classified text where it was not immediately clear if homeopathic or herbal products had been used. Responses were excluded if a positive response to the homeopathic question was given but text data indicted that this was erroneous (n = 20). Data were not available on the conditions for which the antibiotics and homeopathic products were used, but the dataset was refined to exclude creams, ointments, Bach flower remedies and Arnica as they are not used to treat infections.
To learn more about the characteristics of children who use homeopathic products, a variety of possible factors of homeopathic product use, which were also potential confounders in the relationship between antibiotic and homeopathic product use, were identified by the study team and used in the multivariable logistic regression analysis (see Tables 1 and 2 ).
To determine the relationship between antibiotic and homeopathic product use and to identify the maternal and child characteristics of homeopathic product use, cross-tabulations were performed and the chi-square test was used to determine the strength of association of any observed differences. Logistic regression was performed to assess the independent effect of homeopathic product use on antibiotic use adjusting for potential confounders, namely factors found to be associated (p ≤ 0.05) with antibiotic and homeopathic product use in the chi-square analysis. Factors with a p ≤ 0.05 were retained in the models and adjusted odds ratios and 95% confidence intervals obtained. Multivariable logistic regression was also performed to identify those factors independently associated with homeopathic product use. Collinearity amongst the final set of explanatory variables was assessed by evaluating variance inflation factors. There was no evidence of collinearity based on these values.
Results
Of the 13971 children originally recruited into the cohort, 12064 still remained in the study at the 4.5 year timepoint. From these, 9723 questionnaires were returned with data of interest complete giving a response rate of 80.3%. Of these, 61.7% (n = 5619) had used antibiotics between the ages of 3-4.5 years in 1995-1997. Six percent (n = 579) received a homeopathic product. On univariable analysis, children using homeopathic products were more likely to use antibiotics (OR 1.23, 95% CI: 1.03, 1.46). After controlling for other factors associated with antibiotic use, this association disappeared (OR 1.02, 95% CI: 0.84, 1.24) (see Table 1 ).
In the multivariable analysis, we found that children who used antibiotics were more likely to be reported to take vitamins and be perceived as suffering from poorer health, wheeze, earache and cough (all p < 0.0001). Mothers selfreported they were more likely to suffer from anxiety (p < 0.0001) and were more likely to contact the GP when their child was ill (p < 0.0001) (see Table 3 ). Table 2 shows the results of multivariable analysis identifying the characteristics of homeopathic product use. Mothers who lived in rented properties and those with O levels or higher were more likely to have children who use homeopathic products (both p < 0.0001) as were mothers who sometimes or often had no confidence in their doc- tors or tended not to contact their GP when their child was ill (both p < 0.0001). Mothers who had used homeopathic products in pregnancy were four times more likely to give them to their child (p < 0.0001).
Children who had taken vitamins were more than twice as likely to take homeopathic products as were children suffering from food allergies. Children with wheeze were also more likely to be given homeopathic products (all p < 0.0001).
Discussion
Sixty-two percent of the children in this study received an antibiotic between 1995 and 1997, which is slightly higher than other studies at this time [4] . We did not find evidence that homeopathic product use was associated with reduced antibiotic use. Six percent of the children in this population were given homeopathic products, which is compatible with the range found in other studies of children's CAM use.
Study strengths and limitations
The strength of this study is that it is the only community based study that addresses the question of antibiotic and homeopathic product use in pre-school children. Nonetheless, these data are now over ten years old and it is possible that the situation has changed. However, it is difficult to determine the direction of change. We do know that antibiotic usage has decreased [31] . But there are no recent surveys of homeopathic product or complementary therapy use amongst children in the community in the UK, although a recent hospital based study in Wales found that 8% of the children in its sample had used homeopathic products, which is comparable to our results of 6% for prevalence [21] . Furthermore, even in surveys that do exist there are different definitions of homeopathy and complementary therapies, making it difficult to compare trends over time. Potentially, studies on expenditure offer further insight on prevalence of use, but they are also scarce. Interestingly, the only survey on expenditure that has been repeated robustly at three time points (1993, 2000, 2004) found that spending on complementary therapies in Australia actually decreased from 2000 to 2004 [32] . Thus, although the data for our study were collected over a decade ago and could be out of date, given the paucity of information on homeopathic product use amongst community populations, it makes an important contribution.
Like all studies using retrospective self-completion questionnaires, this study is subject to recall bias. This could have led to reporting of only the most severe or recent illness episodes and their associated treatment, in which case it may under-estimate antibiotic and homeopathic product use. Parents may also have under-reported what they felt was more acceptable e.g. fewer hours of television watching. Unfortunately, ALSPAC has not carried out any studies investigating the 'true' extent or direction of recall bias, so it is difficult to comment further. Response bias may also be present, leading to an over-estimate of antibiotic and homeopathic product use (as it is known that better educated, older mothers living in their own properties are more likely to complete questionnaires [33] ).
Although details on type of homeopathic products were available, the limitations of the data meant we could not determine:
1. if the homeopathic products were over the counter or practitioner prescribed 2. if the episode of illness treated with a homeopathic product was the same as the episode in which an antibiotic was used 3. the conditions for which the children took homeopathic products or antibiotics 4. if the homeopathic products were used specifically for infections
Implications of this study
The primary finding of this study, which has not been previously explored, is that parents offering their children homeopathic products were no less (or more) likely to use antibiotics than non-homeopathic product users, suggesting that the use of homeopathic products complements rather than competes with the use of antibiotics in preschool children. Had we found evidence to support our original hypothesis, the implications for the reduction of population level antibiotic use could have been important, possibly suggesting that further, experimental, research into the promotion of homeopathic medicines as an alternative was warranted. From our data, we cannot determine the source of homeopathic products (local commercial outlets, NHS doctor homeopaths or professional practitioners). However a sister project looking at the same cohort of children just over two years later analysed information on source of prescription and found that nearly half of the children using homeopathic products obtained them from over the counter [34] . The impact of over the counter and practitioner prescribed homeopathic product use on antibiotic use could be the subject of future research.
In looking at the characteristics of those using homeopathic products, children with wheeze and food allergies were more likely to use homeopathy. Comparing the profile of general adult CAM users in the literature [14, 35, 36] to that of mothers who used homeopathic products for their pre-school children in this study, both groups share similar features, which is unsurprising as adults are making decisions in both cases. However, reported health seeking behaviours differed between mothers who gave their children antibiotics and mothers who gave their children homeopathic products. The mothers of children receiving antibiotics portray themselves as more likely to seek out NHS services. In contrast, the mothers of children who used homeopathic products reported they were less likely to turn to the NHS when their child was ill and had less confidence in doctors. Instead, they attempt to manage their child's health through self-help measures, of which homeopathic product use is one.
Conclusion
The aim of this study was to use observational data to investigate if homeopathic product users consumed fewer antibiotics and to describe the characteristics of preschool children given homeopathic products. Use of homeopathic products was not associated with increased or decreased antibiotic consumption. Up to date, experimental data are needed before homeopathic medicines could be considered as an alternative to antibiotics. 
